Alphaviruses are enveloped positive-sense RNA viruses that exhibit a wide host range 27 consisting of vertebrate and invertebrate species. Previously we have reported that the 28 infectivity of Sindbis virus (SINV), the model alphavirus, was largely a function of the cell line 29 producing the viral particles. Mammalian derived SINV particles on average exhibit a higher 30 particle-to-PFU ratio than mosquito derived SINV particles. Nevertheless, the outcome of 31 nonproductive infection, the molecular traits that determine particle infectivity and the biological 32 importance of noninfectious particles were, prior to this study, unknown. In this study we report 33 that the incoming genomic RNAs of noninfectious SINV particles undergo rapid degradation 34 following infection. Moreover, these studies have led to the identification of the absence of the 5' 35 cap structure as a primary molecular determinant of particle infectivity. We show that the 36 genomic RNAs of alphaviruses are not universally 5' capped with a significant number of 37 noncapped genomic RNA produced early in infection. The production of noncapped viral 38 genomic RNAs, is important to the establishment and maintenance of alphaviral infection. 
Previously we have reported that the infectivity for a model alphavirus, Sindbis virus 87 (SINV), as measured by the ratio of particles to infectious units, was primarily dependent on the 88 deriving host cell and generally improved with respect to time (23). Additionally, SINV particles 89 produced from mosquito cells were more efficient, in terms of infectivity, than mammalian cell-90 derived viral particles. Further characterization of SINV particles produced in mammalian tissue 91 culture cells revealed that SINV particles could be physically separated into two subpopulations 92 on the basis of particle density (24). These viral particles, termed SINV Light and SINV Heavy , were 93 morphologically indistinguishable and hence exhibited differences in particle density due to their 94 mass. Examination of the individual SINV subpopulations revealed that SINV Heavy While the production of noninfectious viral particles, defined above as viral particles 109 incapable of initiating viral infection, is well established the role(s) of the noninfectious particles 110 are unclear. A primary goal of the study reported here was to identify the potential fate and 111 function of the genomic RNA of noninfectious particles as well as identify the molecular 112 determinants that led to the viral particle being noninfectious. In this work we found that the 113 genomic RNAs of noninfectious particles are unstable and undergo RNA decay more rapidly 114 that RNAs from infectious particles. We determined that the genomic RNAs of alphavirus 115 particles are not universally 5' 7me GpppA capped and the absence of the viral 5' cap is a major 116 determinant of particle infectivity. We report that the presence of noncapped viral particles 117 correlates with the activation of host innate immunity, presumably due to the presence of 118 activating 5' RNA termini, as measured by the production of soluble type-I Interferon (IFNα/β). 119 AAGGATCTCCGGACCGTA-3' and SINV nsP1R, 5'-AACATGAACTGGGTGGTGTCGAAG-3'). 159
The detected Ct values were then compared to internal standard curves to determine the 160 number of genome equivalents present in a given sample. The determination of viral infectivity 161 is described by the ratio of total particles to infectious units. of viral RNA decay as it had been used in previous published studies for the same purpose (27) . 277
Utilization of the same cell line ensured that any observed differences in RNA half-life were 278 indeed genuine and not a functional difference between cell lines. 279
Quantitative analysis of the input SINV genomic RNA levels with respect to time 280 indicated that the SINV genomic RNAs from mammalian cell-derived particles (which exhibit an 281 average particle-to-PFU ratio of >100:1) exhibited a half-life of 60.2 +/-15.9 minutes as 282 calculated by the method described by Dolken et al (as shown in Figure 1A ). Half-life analysis of 283 the SINV genomic RNAs from mosquito cell-derived particles (which exhibit an average particle-284 to-PFU ratio of ~5:1) exhibited a half-live on average of 115.6 +/-15.06 minutes. Analysis of the 285 tissue culture supernatants indicated that genome loss due to particle desorption was negligible 286 indicating that the stability of the incoming genomic RNAs is derivation and particle specific. 311 312
Noncapped SINV Genomic RNAs are Encapsidated into Particles 313
The relatively short RNA half-lives observed for the entering SINV genomic RNAs, in 314 particular the genomic RNAs of SINV Light particles, suggested that the RNA substrates were not 315 stabilized or protected from degradation. Previous studies have indicated that SINV RNAs are 316 highly resistant to deadenylation in vitro and in vivo (26, 27). The observed instability of the 317 incoming viral genomic RNAs combined with the previously reported SINV inhibition of the 3' to 318 5' cellular RNA decay pathway (via the association of the host HuR protein) led to the 319 hypothesis that the 5' cap structure may be absent from many of the incoming viral genomic 320
RNAs. Hence, we focused our attention toward the 5' end of the SINV genome as a cause of 321 the RNA instability as a transcript lacking a 5' cap is often a substrate for rapid turnover. 322
To quantitatively determine whether the 5' cap was present or absent on the SINV 323 genome we developed an enzymatic assay capable of differentiating 5' capped and noncapped 324
RNAs from encapsidated SINV genomes ( GpppA capped SINV genomic RNAs were highly similar to the ratios of 406 particle-to-infectious units observed for mammalian and mosquito cell-derived SINV particles, 407
we hypothesized that the number of noncapped particles (viral particles that contain an 408 noncapped genomic RNA) would decrease, while the capped genomic RNAs increased to nearly a 1:1 ratio (Fig. 4C) . Notably, the profile of 431 noncapped RNA synthesis was highly similar to that observed in released particles at the 432 assayed times during infection. Moreover, these data closely matched the basal level of 433 infectivity of the sample. As shown in Figure 4D , the infectivity of SINV particles derived from 434 mammalian cells improved as infection progressed. Importantly, the improvement of infectivity 435 (as measured by the particle-to-infectious unit ratio) was due primarily to an increase in the 436 production of infectious particles rather than a net decrease in particle production (data not 437 shown). GpppA capped viral particles relative to 498 those cultured in the presence of methionine (Fig. 6A) . Similarly, the RRV nsP1 mutant 499 RRV S79C;L224I exhibited similar behavior in terms of viral capping. As shown in Fig. 6B , 500 RRV S79C;L224I produced on average 4.5-fold more Capped viral particles compared to wild type 501 RRV. Taken together these data indicated that production of noncapped viral RNAs could be 502 modulated via the mutation of nsP1. Genome Equivalents (GE)/cell resulted in the production of ~2-fold more soluble type-I IFN than 526 SINV Heavy . Together these data strongly suggest that particle quality, not sheer particle numbers, 527 is responsible for the induction of a type-I IFN response. 528
We next sought to determine whether the observed difference in the induction of soluble 529 type-I IFN was an intrinsic difference of SINV Light and SINV Heavy or due to the presence of 530 increased numbers of noncapped viral genomic RNAs. As shown in 
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At first glance, these findings appear to be contradictory to the RNA half-lives previously 585 reported for the Alphavirus RNA species; however, a fundamental difference between the two 586 studies exists (23, 27) . This study evaluates the half-lives of the incoming viral genomic RNA 587 immediately after viral infection, whereas the previous studies evaluated viral RNA stability later 588 during infection. It can be safely presumed that the cellular environment has been altered as a 589 result of viral infection leading to a change in RNA stability. For this reason we assert that the 590 differences in half-life reported between the two studies are not contradictory. Moreover, the 591 studies reported here for the first time, to our knowledge, the direct measurement of the half-life 592 of an incoming viral genomic RNA. 
